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Abstract - In this paper, we first introduce the concept of single valued neutrosophic soft expert sets 
(SVNSESs for short) which combines single valued neutrosophic sets and soft expert sets.We also defineits 
basic operations, namely complement, union, intersection, AND and OR, and study some related properties 
supporting proofs.This concept is a generalization of fuzzy soft expert sets (FSESs) and intuitionistic fuzzy 
soft expert sets (IFSESs). Finally, an approach for solving MCDM problems is explored by applying the 
single valued neutrosophic soft expert sets, and an example is provided to illustrate the application of the 
proposed method. 
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1. Introduction. 


Neutrosophy has been introduced by Smarandache [12, 13, 14] as a new branch of 
philosophy and generalization of fuzzy logic, intuitionistic fuzzy logic, paraconsistent 
logic. Fuzzy sets [38] and intuitionistic fuzzy sets [32] are defined by membership 
functions while intuitionistic fuzzy sets are characterized by membership and non- 
membership functions, respectively. In some real life problems for proper description of an 
object in uncertain and ambiguous environment, we need to handle the indeterminate and 
incomplete information. But fuzzy sets and intuitionistic fuzzy sets don’t handle the 
indeterminate and inconsistent information. Thus neutrosophic set (NS in short) is defined 
by Samarandache [13], as a new mathematical tool for dealing with problems involving 
incomplete, indeterminacy, inconsistent knowledge. In NS, the indeterminacy is quantified 
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explicitly and truth-membership, indeterminacy membership, and false-membership are 
completely independent. From scientific or engineering point of view, the neutrosophic set 
and set- theoretic view, operators need to be specified. Otherwise, it will be difficult to 
apply in the real applications. Therefore, H. Wang et al [15] defined a single valued 
neutrosophic set (SVNS) and then provided the set theoretic operations and various 
properties of single valued neutrosophic sets. The works on single valued neutrosophic set 
(SVNS) and their hybrid structure in theories and application have been progressing 
rapidly [3, 4, 5, 6, 7, 8, 9, 11, 23, 24, 25, 26, 27, 28, 29, 30, 31, 39, 58, 66, 67, 68, 71, 75, 
78, 79, 80, 81, 83,85]. 


In 1999, Molodtsov [10] initiated the theory of soft set theory as a general mathematical 
tool for dealing with uncertainty and vagueness and the soft set theory is free from the 
parameterization inadequacy syndrome of fuzzy set theory, rough set theory, probability 
theory. In fact, a soft set is a set-valued map which gives an approximation description of 
objects under consideration based on some parameters. Later Maji et al.[54] defined several 
operations on soft set. Many authors [33, 37, 40, 43, 45, 46, 47, 48, 49, 51, 52, 53, 56, 61] 
have combined soft sets with other sets to generate hybrid structures like fuzzy soft sets, 
generalized fuzzy soft sets, rough soft sets, intuitionstic fuzzy soft, intuitionistic fuzzy soft 
set theory, possibility fuzzy soft set, generalized intuitionistic fuzzy soft, generalized 
neutrosophic soft set, possibility vague soft set and so on. All these research aim to 
solvemost of our real life problems in medical sciences, engineering, management, 
environment and social science which involve data that are not crisp and precise. But most 
of these models deals with only one opinion (or) with only one expert. This causes a 
problem with the user when questioners are used for the data collection.Alkhazaleh and 
Salleh in 2011 [61] defined the concept of soft expert set and created a model in which the 
user can know the opinion of the experts in the model without any operations and 
presented an application of this concept in decision making problem. Also, they introduced 
the concept of the fuzzy soft expert set [60] as a combination between the soft expert set 
and the fuzzy set. Later on, many researchers have worked with the concept of soft expert 
sets [1,2, 15, 16, 20, 34, 35, 42, 44, 54, 55, 82, 84]. But most of these concepts cannot 
dealing with indeterminate and inconsistent information. 


Based on [13], Maji [55] introduced the concept of neutrosophic soft set a more 
generalized concept, which is a combination of neutrosophic set and soft set and studied its 
properties. New operators on neutrosophic soft set presented by Sahin and Küçük [58]. 
Based on Çağman [46], Karaaslan [85] redefined neutrosophic soft sets and their 
operations. Various kinds of extended neutrosophic soft sets such as intuitionistic 
neutrosophic soft set [63, 65, 74], generalized neutrosophic soft set [57, 64], interval valued 
neutrosophic soft set [21], neutrosophic parameterized fuzzy soft set [70], Generalized 
interval valued neutrosophic soft sets [73], neutrosophic soft relation [18, 19], neutrosophic 
soft multiset theory [22] and cyclic fuzzy neutrosophic soft group [59] were presented. The 
combination of neutrosophic soft sets and rough set [72, 76, 75 ] is another interesting 
topic. Until now, there is no study on soft experts in neutrosophic environment, so there is 
a need to develop a new mathematical tool called “ single valued neutrosophic soft expert 
sets” . 


The remaining part of this paper is organized as follows. In Section 2, we first recall the 
necessary background on neutrosophic sets, single valued neutrosophic sets, soft set, 
neutrosophic soft sets, soft expert sets, fuzzy soft expert sets and intutionistic fuzzy soft 
expert sets. Section 3 reviews various proposals for the definition of single valued 
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neutrosophic soft expert sets and derive their respective properties. Section 4 presents basic 
operations on single valued neutrosophic soft expert sets. Section 5 presents an application of 
this concept in solving a decision making problem. Finally, we conclude the paper. 


2. Preliminaries 


In this section, we will briefly recall the basic concepts of neutrosophic sets, single valued 
neutrosophic sets, soft set, neutrosophic soft sets, soft expert sets, fuzzy soft expert sets, 
and intutionistic fuzzy soft expert sets. 


Let U be an initial universe set of objects and E the set of parameters in relation to objects 


in U. Parameters are often attributes, characteristics or properties of objects. Let P (U) 
denote the power set of U and A C E. 


2.1. Neutrosophic Set 


Definition 2.1 [13]: Let U be an universe of discourse then the neutrosophic set A is an 
object having the form A = {< x: 1, (X), Va(X), @,(X)>,x E€ U},where the functions 


Ha (xX), va), wa) : U>] 0,1T 


define respectively the degree of membership , the degree of indeterminacy, and the degree 
of non-membership of the element x € U to the set A with the condition. 


“OSH, (X)+ va(X)+ oa) 3" 


From philosophical point of view, the neutrosophic set takes the value from real standard 
or non-standard subsets of ] 0,1°[. So instead of | 0,1*[ we need to take the interval [0,1] 
for technical applications, because ] 0,1°[ will be difficult to apply in the real applications 
such as in scientific and engineering problems. 


For two NS, 

Ans= {<X, Hy (X), Va (X) Og (X)> |X EU } 
and 

Bys= {<X, bp (X), Vp (X) , p (X)> |x EU} 
Then, 


1. Ays & Bysif and only if 


Ma (X) < bg @), va OX) 2 Vp Q) , Og (x) = Op Q) 


2: Ans = Bys if and only if, 
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La (X) =p (0) vad) =v) ‚oa (x) =p (x) for any x € U. 


3. The complement of Ays is denoted by Aj, and is defined by 

Ans= {<X, @, (x), 1 — va (X), Hy (X) |X EU} 
4. ANB= {<x, minfua (x), Mp x} max{vq (x), Vp (x)}, max{@, (x), Op @) px EU} 
5. AUB = {<x, max{u, (x), Up (x min{v, (x), Vp Œ}, min{o, (x), Op (x) >:x EU} 
As an illustration, let us consider the following example. 
Example 2.2. Assume that the universe of discourse U={X),x2,x3.X4}. It may be further 
assumed that the values of x1, x2, X3and x,are in [0, 1] Then, A is a neutrosophic set (NS) 


of U, such that, 


A= {< x1,0.4,0.6,0.5 >, < x2,0.3,0.4, 0.7>, < x3,0.4,0.4,0.6] >,<x,,0.5,0.4,0.8 >} 


2.2. Soft Sets 


Definition 2.3. [10] Let U be an initial universe set and E be a set of parameters. Let P(U) 
denote the power set of U. Consider a nonempty set A, A C E. A pair (K, A) is called a soft 
set over U, where K is a mapping given by K : A — P(U). 


As an illustration, let us consider the following example. 


Example 2.4. Suppose that U is the set of houses under consideration, say U = {hy, ho, . . ., 
hs}. Let E be the set of some attributes of such houses, say E = {e1, e2,.. ., eg}, where e1, e2, . 


. ., €g Stand for the attributes “beautiful”, “costly”, “in the green surroundings’”, “moderate”, 
respectively. 


In this case, to define a soft set means to point out expensive houses, beautiful houses, and 
so on. For example, the soft set (K, A) that describes the “attractiveness of the houses” in 
the opinion of a buyer, say Thomas, may be defined like this: 


A={e1,€2,€3,€4,€5 } ; 


K(e1) = {ho, hs, hs}, K(e2) = {h2, hy}, K(e3) = {hi}, K(e4) = U, K(es) = {h3, hs}. 


2.3. Neutrosophic Soft Sets 


Definition 2.5 [55, 85] Let U be an initial universe set and A C E be a set of parameters. 
Let NS(U) denotes the set of all neutrosophic subsets of U. The collection (F, A) is termed 
to be the neutrosophic soft set over U, where F is a mapping given by F:A > NS(U). 
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Example 2.6 Let U be the set of houses under consideration and E is the set of parameters. 
Each parameter is a neutrosophic word or sentence involving neutrosophic words. Consider 
E ={beautiful, wooden, costly, very costly, moderate, green surroundings, in good repair, in 
bad repair, cheap, expensive}. In this case, to define a neutrosophic soft set means to point 
out beautiful houses, wooden houses, in the green surroundings houses and so on. Suppose 
that, there are five houses in the universe Ugiven by U = {hy,hz,...,hs} and the set of 
parameters 


A = {€4, 2, 3, €4},where e, stands for the parameter ‘beautiful’, e, stands for the parameter 
`wooden', e, stands for the parameter `costly' and the parameter e,stands for “moderate'. 
Then the neutrosophic set (F, A) is defined as follows: 


(e, f hy hy hs hy hs 
(0.5,0.6,0.3) ’ (0.4,0.7,0.6) ’ (0.6,0.2,0.3)’ (0.7,0.3,0.2) ’ (0.8,0.2,0.3) 


fz hı h2 hz h4 hs } 
(F,A) = 


(0.7,0.4,0.3)’ (0.6,0.7,0.2) ’ (0.7,0.2,0.5) ’ (0.5,0.2,0.6) ’ (0.7,0.3,0.4) 
f hı h2 hz h4 hs } 
a (0.8,0.6,0.4) ’ (0.7,0.9,0.6) ’ (0.7,0.6,0.4) ° (0.7,0.8,0.6) ’ (0.9,0.5,0.7) 


) 
(« ) 
(e. ia ar a ee best ee ates) 
( ) 


2.4. Soft Expert Sets 

Definition 2.7[61] Let U be a universe set, E be a set of parameters and X be a set of 

experts (agents). Let O= {l=agree, O=disagree} be a set of opinions. Let Z= E x X x O 

and A € Z. A pair (F, A) is called a soft expert set over U, where F is a mapping given by 
F: A— P(U) and P(U) denote the power set of U. 


Definition 2.8 [61] An agree- soft expert set (F,A) 1 over U, is a soft expert subset of 
(F,A) defined as : 


(F, A) 1 ={F(a):a EEx X x{1}}. 


Definition 2.9 [61] A disagree- soft expert set (F, A) 9 over U, is a soft expert subset of 
(F,A) defined as : 


(F, A) o= {F(a):a € E x X x{0}}. 


2.5. Fuzzy Soft Expert Sets 


Definition 2.10 [42] Let O= {1=agree, O=disagree } be a set of opinions. Let Z= E x X x 
O and A € Z .A pair (F, A) is called a fuzzy soft expert set over U, where F is a mapping 
given by F : A—> I" and IYdenote the set of all fuzzy subsets of U. 
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2.6. Intuitiontistic Fuzzy Soft Expert Sets 


Definition 2.11 [82] Let U= { u,,u,,4s,...,4,} be a universal set of elements, E={ 


€,>€,>€35.--5€m } be auniversal set of parameters, X={ x,,x,,%3,...,%; } be a set of 
experts (agents) and O= {l=agree, 0=disagree} be a set of opinions. Let Z={ E x X 
xO } and A C Z. Then the pair (U, Z) is called a soft universe. Let F: Z > (1x DU 
where (I x I)Udenotes the collection of all intuitionistic fuzzy subsets of U. Suppose 

F: Z > (1x DY a function defined as: 


F (z )=F(z)(U;), for all u, eU. 


Then F(z) is called an intuitionistic fuzzy soft expert set (IFSES in short ) over the soft 
universe (U, Z) 


For each z, eZ. F(z) = F z; (u; ) where F( z; ) represents the degree of 


belongingnessand non-belongingness of the elements of U in F(z, ). Hence F (z;) 


can be written as: 


F(z, = M = 
EK Fay Fu) for i=1,2,3,...0 


where F(z, )(U;) = < Mgg;) (Wi ), Orgi) (4; )> with Hrg; (4; Jand Mp,,)(U;) representing 


the membership function and non-membership function of each of the elements u, «U 
respectively. 


Sometimes we write F as (F, Z) . If A G Z. we can also have IFSES (F, A). 


3. Single Valued Neutrosophic Soft Expert Sets. 


In this section, we generalize the fuzzy soft expert sets as introduced by Alhhazaleh and 
Salleh [60] and intuitionistic fuzzy soft expert sets as introduced by S. Broumi [83] to the 
single valued neutrosophic soft expert sets and give the basic properties of this concept. 


Let U be universal set of elements, E be a set of parameters, X be a set of experts 
(agents), O= { l=agree, O=disagree} be a set of opinions. Let Z= E x X XO and 


Definition 3.1 Let U={ u,,u,,%3,...,% } be a universal set of elements, E={ e,,e,, 


€,,...,€, } be auniversal set of parameters, X={ x,,x,,%3,...,%; } be a set of experts 
(agents) and O= {l=agree, 0=disagree} be a set of opinions. Let Z= {ExXxO} 
and ACZ. Then the pair (U, Z) is called a soft universe. Let F: Z > SVN”, where 
SVN“ denotes the collection of all single valued neutrosophic subsets of U. 
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Suppose F :Z SVN” be a function defined as: 
F (z )= F(z)(U;) for all u, eU. 


Then F (z) is called a single valued neutrosophic soft expert value (SVNSEV in short) 


over the soft universe (U, Z) 


For each z, eZ. F(z) = F( z, )( 4; ), where F( z, ) represents the degree of 
belongingness, degree of indeterminacy and non-belongingness of the elements of U 
in F(z, ). Hence F (z;) can be written as: 


Pig\ie— 4 n= oii — = 
(z) {¢ FGU) J, FRG) ), } „for i=1,2,3,...n 


where F(z; )(U;) =< Ure (Ui) , Vre (Ui ), Orgi (4; )> with Urg (Ui) ‚Vra (4i) and 


Orgi (4; ) representing the membership function, indeterminacy function and non- 


membership function of each of the elements u, eU respectively. 
Sometimes we write F as (F, Z) . If A © Z. we can also have SVNSES (F, A). 


Example 3.2 Let U={u,,u2, Uz} be a set of elements, E={e,,e,} be a set of decision 
parameters, where e;( i= 1, 2,3} denotes the parameters E ={ e,= beautiful, e= cheap} and 
X= {x1, X2} be a set of experts. Suppose that F:Z— SVN” is function defined as 
follows: 





= Uy Hy h 
F(e1,x1,1) ={ z 0.1,0.8,0.3 =) F 0.1,0.6,0.4 a : z 0.4,0.7,0.2 a 5 


u, u3 




















u 
Fle, x,1)= C7051025” 7506045? (40.4065? k 
Flest) =C ONE SEP TEE oe ANTE oh 
F (e,.x,1)={ z BION = 2 SAE = ne RE z i 
ee le Z ae x F RLU z e E 7 h 
F (erm 0)=( (3946s) SEL: = T =, 
Pee Ta z ETE = iS E 2 i z STE = 
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ee e 
< 0.4,0.4,0.7 > ° <0.3,0.8,0.2> ° <0.6,0.2,0.4 > 








Fle, x,0)={( ) 


Then we can view the single valued neutrosophic soft expert set (F, Z) as consisting of the 
following collection of approximations: 


u, Uz 























uy 
F,Z)= = 
Z-ro DE psoas" eoa <040702> > 
u U, U3 
esx l) = {Czn ? : 
{(e,,x,,1) = {( <0.7,0.5,0.25 z z 0.25,0.6,0.4 2 a 0.4,0.4,0.6 2 H 
u Uy i3 
e€» xX „l = > > ’ 
{(e, +x, 1) = (( <0.3,0.2,0.7 = C 0.4,0.3,0.3 ie 0.1,0.6,0.2 x a 
B Uu, U, Uz 
{em = (O59 7 06> <070302><030.105> ) 
= U U, Uz 
(Ce, .x,0)={ z 0.2,0.4,0.5 F i 0.1,0.9,0.1 = 1 0.1,0.2,0.5 2 
z u u, u; 
{(e20)= O 30406 020.706 <010502> + 
B Uu, u, u3 
(e120) = (Zo g04><010605><0.7,0603> ) 
u 
{(e,.x,.0) = (Ce, ee a 





< 0.4,0.4,0.7 > ° `< 0.3,0.8,0.2 > ° <0.6,0.2,0.4 > 


Then (F, Z) is a single valued neutrosophic soft expert set over the soft universe ( U, Z). 


Definition 3.3. For two single valued neutrosophic soft expert sets (F, A) and (G, B) over 
a soft universe (U, Z). Then (F, A) is said to be a single valued neutrosophic soft expert 
subset of (G, B) if 


i. BSA 
ii. F(e) is a single valued neutrosophic subset of G (e), for all € € A. 


This relationship is denoted as (F, A) Č (G, B). In this case, (G, B) is called a single valued 
neutrosophic soft expert superset (SVNSE superset) of (F, A) . 


Definition 3.4. Two single valued neutrosophic soft expert sets (F, A) and (G, B) over soft 
universe (U, Z) are said to be equal if (F, A) is a single valued neutrosophic soft expert 


subset of (G, B) and (G, B) is a single valued neutrosophic soft expert subset of (F, A). 


Definition 3.5. A SVNSES (F, A) is said to be a null single valued neutrosophic soft 
expert set denoted (Ø, A) and defined as : 


(Ø, A) = F(a) where a E Z. 
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Where F(a@)= <0, 0, 1>, that is Up¢q)=0, VF(a)= 0 and Wp(q)= 1 for all æ € Z. 


Definition 3.6. A SVNSES (F, A) is said to be an absolute single valued neutrosophic soft 
expert set denoted (F,A) ,p,and defined as : 


(F, A) aps =F(@), where a EZ. 

Where F(æ)= <1, 0, 0>, that is Up(qy= 1, Ve(qy= 0 and Wp(q)= 0 for all æ € Z. 
Definition 3.7. Let (F, A) be a SVNSES over a soft universe (U, Z). An agree-single 
valued neutrosophic soft expert set (agree-SVNSES) over U, denoted as (F, A) 4 is a single 
valued neutrosophic soft expert subset of (F,A) which is defined as : 

(F,A) 1 ={F(a):a €EX X x{1}}. 
Definition 3.8. Let (F, A) be a SVNSES over a soft universe (U, Z). A disagree-single 
valued neutrosophic soft expert set (disagree-SVNSES) over U, denoted as (F,A) o is 
asingle valued neutrosophic soft expert subset of (F, A) which is defined as: 


(F, A) o = {F(a):a E EX X x{0}}. 


Example 3.9 Consider example 3.2.Then the Agree-single valued neutrosophic soft expert 
set (F, A) 4 








F,A T ae M 
CA) mter Dt 798035" <0.10.604> "<04,0.7,0.2> 


a a e a a 
(Cease 9 7.050.25> 7 <0.25,0.6,04> ”<04,0.4,0.6> 


)}), 


Ip: 








Uy U, 
(Cer saz 1), (> x 20. 7 a) z 0.4,0.3,0.3 TA ae 0.2 >? i), 
(ae oy ),( “2 ),( )}} 


ETL <0.7,0.3,0.2> ° a 


And the disagree-single valued neutrosophic soft expert set over U 





E OE ee SS SS E SS 


< 0.2,0.2,0.6 > ° <0.7,0.3,0.2> ° <0.3,0.1,0.5 > 


u, u, 
(Cer 1,0 D4 z 0.2, ri 0.5 D) G 0.1,0.9,0.1 ee 0.1,0.2,0.5 > 


i ee ee ee 
(Ce, 1,0), {( RITES 92,0.706>.*‘<0.1,05,02> 


u u, U, 
(Ce, 1x20 < 0.2.0. as 10.6.0 ae 0.7,0.6,0.3 > 








)}), 


a 








)}) 
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SS a E y e 


(OREORE < 0.4,0.4,0.7 > ° < 0.3,0.8,0.2 > ° `< 0.6,0.2,0.4 > 


4. Basic Operations on Single Valued Neutrosophic Soft Expert Sets 
In this section, we introduce some basic operations on SVNSES, namely the complement, 
AND, OR, union and intersection of SVNSES, derive their properties, and give some 
examples. 
Definition 4.1 Let (/,A) be a SVNSES over a soft universe (U, Z). Then the 
complement of (F ,A)denoted by (F ,A)° is defined as: 

(F ,A)°=¢ (F(@ ))for all @ U. 


where C is single valued neutrosophic complement . 


Example 4.2 Consider the SVNSES (F ,¿Z) over a soft universe (U, Z) as given in 
Example 3.2. By using the single valued neutrosophic complement for F(@ ), we obtain 
(F ,Z)° which is defined as: 











u u u 
F,Z = 1) = 1 2 3 
(EA sere) = (C 0.3,0.8,0.1> Z04060 0.2,0.7,0.4 S 
_ ui Uy u, 
erx) = C2505073 040.60255 20.60404> 
u U, U, 
e,» xX wl = > > > 
(lel) = (9799935) 9303045) 0206019 
u 
(25 e a S a 





< 0.6,0.2,0.2 > ° `< 0.2,0.3,0.7 >° <0.5,0.1,0.3 > 








0)={( 2i ),( “2 = ) 

(er 4 0)=4 <0.5,0.4,0.2 > ° `< 0.1,0.9,0.1> ° <0.5,0.2,0.1> D, 
_ 1 u, u; 

S =A 7 0.6,0.4,0.3 =, z 0.6,0.7,0.2 a] C 0.2,0.5,0.1 a D, 

taone e a a E 


< 0.4,0.8,0.2> — <0.5,0.6,0.1> < 0.3,0.6,0.7 > 


= LA U, Uz 
fersx0)= (O74 gas’ <02,0.803><040.2,06> 





ya 
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Proposition 4.3 If (F, A) isa SVNSES over a soft universe (U, Z). Then, 
( (F, A)°)= (F, A). 
Proof. Suppose that is (F, A) is a SVNSES over a soft universe (U, Z) defined as (F, A)= 
F(e). Now let SVNSES (F, A) =(G, B). Then by Definition 4.1, (G, B) = G(e) such that 
G(e) = (F(e)), Thus it follows that: 
(G, B)* =č (G(e)) =(č (č (F(e))) =Fle)=(F, A). 
Therefore 
( (F, A)°)* =(G, B)=(F, A). Hence it is proven that ( (F, A)°)°= (F, A). 
Defintion 4.4 Let (F,A) and (G,B) be any two SVNSESs over a soft universe (U, Z). 
Then the union of (F, A) and (G,B), denoted by (F,A) U (G,B) is a SVNSES defined as 
(F, A) U (G, B) =(H,C), where C= A UB and 
H(a@) = F(a) U G(@), for all a EC 
where 
F(a), a@eA-B 


H(a) = Gia), aeB-A 
U(F(a),G(a)), aceAneB, 


Where U(F(a), G(a)) ={<u, max {up (a), ug (a)}, min {Vp (a), VG (a)} ; 
min{@p (a), @g (a)}>:u E U } 


Proposition 4.5 Let (F,A), (G,B) and (H,C) be any three SVNSES over a soft universe 
(U, Z).Then the following properties hold true. 


a CA)UG,B)=(G,B)U(FA) _ g 
Gi) (EA) 0 (CG, B) 0 (H, ©))= (CF, A) D (G, B)) Ù (H, ©) 
dii) (EA) U (F,A) S (F,A) 

avy (F,A)O@® ,A)=(F,A) 


Proof. (i) Let (F, A) U (G, B)= (H, C). Then by definition 4.4,for all a EC, we have 
(H, C) =H(a). Where H(a@) = F(a) U G(@) However 


H(a@) = F(a) U G(a)= G(@) UF(a@) 
since the union of these sets are commutative by definition 4.4. Therfore 
(H,C) =(G,B) U (F, A). 


Thus the union of two SVNSES are commutative i.e (F, A) U (G, B)= (G, B) U (F, A). 


(ii) The proof is similar to proof of part(i) and is therefore omitted 
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(iii) The proof is straightforward and is therefore omitted. 


(iv) The proof is straightforward and is therefore omitted. 


Definition 4.6 Let (F,A) and (G,B) be any two SVNSES over a soft universe (U, Z). 
Then the intersection of (F, A)and (G, B), denoted by (F, A) ñ (G, B)is SVNSES defined as 
(F, A) ñ (G, B) =(H, C) where C= A UB and H(a@) = F(a) N G(a), for all a E€ C. Where 


F(a), aeEA-B 
H(a) = Gla) aeEB-A 
N(F(a),G(a)), «EANB 


Where N(F (æ), G(a)) ={<u, min {up (a), ug (a)}, max {vp (a), vg (a)} , max 
{op (a), @g (a) }>:u EU } 


Proposition 4.7 If Let (F,A), (G,B)and (H, C) are three SVNSES over a soft universe (U, 
Z). Then, 


a (ŒF, A) Ñ (G,B)=(G,B)Ñ(F,A)  _ 
Gi) (EA) Ñ ((G, B) Ñ (H, €))= (CF, A) Ñ (G, B)) Ñ (H, ©) 
(ii) (F,A) Ñ (F, A) S (F,A) 

(iv) (F,A)A(® ,A)=(® ,A) 


Proof. 

(i) The proof is similar to that of Proposition 4.5 (1) and is therefore omitted 
(ii) The prof is similar to the prof of part (i) and is therefore omitted 

Gii) The proof is straightforward and is therefore omitted. 


(iv) The proof is straightforward and is therefore omitted. 


Proposition 4.8 If Let (F, A), (G, B) and (H, C) are three SVNSES over a soft universe (U, 
Z). Then, 


O (FA) D (CG, B) Ñ (H, 0)) = (CF, A) Ù (G, B)) Ñ (CF, A) Ù (CH, ©) 
Gi) (F,A) Ñ ((G,B) Ù (H, €)) = (CF, A) Ñ (G, B)) Ù (CF, A) Ñ (H,C)) 


Proof. The proof is straightforward by definitions 4.4 and 4.6 and is therefore omitted. 
Proposition 4.9 If (F, A), (G, B) are two SVNSES over a soft universe (U, Z). Then, 


i ((F,A) Ù (G,B))€ = (F, A): Ñ (G,B)°. 
ii, ((F,A) Ñ (G,B))€ = (F, A)° Ù (G, B)°. 


Proof. (i) Suppose that (F, A) and(G, B) be SVNSES over a soft universe (U, Z) defined 
as: (F, A)= F(a) for alla-A C Z and (G,B) = G(a@) forall eB € Z. Now, due to the 
commutative and associative properties of SVNSES, it follows that by definition 4.10 and 
4.11, it follows that: 


Journal of New Theory 3 (2015) 67-88 79 


(F, A)° Ñ (G,B)*= (F(@))° À (G(a))° 
= (Č (F(a))) N (Č (GCa)) 
= (Č (Fla) N G(@)) 
= ((F, A) U (G,B))°. 
(ii) The proof is similar to the proof of part (i) and is therefore omitted 


Definition 4.10 Let (F, A) and (G,B) be any two SVNSES over a soft universe (U, 2). 
Then “(F, A) AND (G, B) “ denoted (F, A) A (G, B) is a defined by: 


(F, A) À (G,B)= (H, A x B) 


Where (H, A x B) = H(a,f), such that H(a, £) = F(a) N G(f), for all (a, B) € A x B. and 
N represent the basic intersection. 


Definition 4.11 Let (F,A) and (G,B) be any twoSVNSES over a soft universe (U, Z). 
Then “(F,A) OR (G,B) “ denoted (F, A) V (G, B) is a defined by: 


(F, A) V (G,B)=(H,A x B) 


Where (H, A x B) = H(a, p) such that H(a@, £) = F(a) U G(f), for all (a, £) E A x B. and U 
represent the basic union. 


Proposition 4.12 If(F, A) (G,B) and (H, C) are three SVNSES over a soft universe (U, Z). 
Then, 


i, (F,A)A (GG, BACH, C)) = (CF, A)AG, B)) AG, ©) 
ii. (F, A) V ((G, B) V (H,C)) = ((F, A) V (G, B)) V (H, C) 
iil. (F, A) V ((G, B)A(H, C)) = (CF, A) V (G, B)) A ((F, A) V (H, ©)) 
iv. (F, A) A ((G, B) V (H, C)) = ((F, A) A (G, B)) V ((F, A) A (H, C)) 
Proof. The proofs are straightforward by definitions 4.10 and 4.11 and is therefore omitted. 
Note: The “AND” and “OR” operations are not commutative since generally A XB#BXA. 


Proposition 4.13 If (F,A) and (G,B) are two SVNSES over a soft universe (U, Z).Then, 


i. ((F,A)K(G,B))* = (F, A)° Ÿ (G,B)*. 
ii,  ((F,A)V(G,B))° =(F,A)°X(G,B)°. 


Proof. (i) suppose that (F,A) and (G,B) be SVNSES over a soft universe (U, Z) defined 
as: 


(F,A) = F(a) for alla-A CZ and (G,B)= G(f) for all 6-B S Z. Then by Definition 
4.10 and 4.11, it follows that: 


((F, A) A (G,B))° = ((F(a) A G(B))° 
= (F(a) N G(B))° 
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= (Fæ) N G(P)) 

= (€(F(@)) U E(G(B))) 
= (F(a))° V (G(B))° 
= (F,A)° V (G,B)°. 


(ii) The proof is similar to that of part (i) and is therefore omitted. 


5. Application of Single Valued Neutrosophic Soft Expert Sets in a 
Decision Making Problem. 


In this section, we introduce a generalized algorithm which will be applied to the SVNSES 
model introduced in Section 3 and used to solve a hypothetical decision making problem. 


Suppose that company Y is looking to hire a person to fill in the vacancy for a 
position in their company. Out of all the people who applied for the position, three 
candidates were shortlisted and these three candidates form the universe of elements, 
U= {u,u2,u3} The hiring committee consists of the hiring manager, head of 
department and the HR director of the company and this committee is represented by the 
set {p,q,r }(a set of experts) while the set O= {l=agree, O=disagree } represents the set of 
opinions of the hiring committee members. The hiring committee considers a set of 
parameters, E={ e,,e€3,e3,e,} where the parameters e; represent the characteristics or 
qualities that the candidates are assessed on, namely “relevant job experience”, 
“excellent academic qualifications in the relevant field”, “attitude and level of 
professionalism” and “technical knowledge” respectively. After interviewing all the three 
candidates and going through their certificates and other supporting documents, the 
hiring committee constructs the following SVNSES. 



































COE Geer ET ce ET ye me Sh 
Candi A hR IE SO EL hh 

esp. D={C D TR E ie MUTE S 
(apns AT SEP E E ga sous S 

(erg D=(C WEE yo TENE Ae TAGE sth 

{(e2.q, I) ={ T oe SCS I, 
NEL E <P E E Se MATE we 
tean —) (2) (3 __)}. 


<0.6,0.5,0.3> ° <0.7,0.8,0.2 > ° <0.3,0.4,0.6 > 
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7 u, u, ua 
ter, D={ GC 0.4,0.5,0.7 = Q 0.3,0.8,0.4 T l > 0.6,0.2,0.4 > 


jar (—_— )(—— 
Kear D102 9307,0.1>°<0.7,0.3,0.2> ”<080.2,0.2> 


z Uu, U, Uz 
{(e3,7, = { z 0.6,0.5,0.2 > > 0.5,0.1,0.6 s Cc 0.3,0.2,0.1 > 


7 U, Uy ek 
{(e, P.» 0)= { > 0.1,0.4,0.3 $ d & 0.3,0.8,0.2 z z 0.6,0.2,0.4 > 


Z u H ae 
(es. 0 = (OG o302>"<020.104> "2030.10.65 


ey eee ee a a. E 
{(€4,D, 0)={ C 0.3,0.2,0.5 =) i E 0.6,0.4,0.5 z : z 0.5,0.4,0.3 > 


eh ee ee 
<0.2,0.4,0.7> ° `< 0.1,0.9,0.2 > ° <0.1,0.2,0.5 > 


7 u U, u, 
{24,0 = (5 0.3,0.4,0.6 See 0.2,0.7,0.6 sae 0.4,0.5,0.3 > 


SS a 
<0.2,0.8,0.4> ° <0.1,0.2,0.5> ° <0.7,0.6,0.3 > 


S a aes Se eee 
< 0.9,0.4,0.7 > ° <0.5,0.6,0.2> ° <0.6,0.3,0.4 > 


B u u, Uz 
{(ez.7r, 0) = { C 0.3,0.4,0.5 = í Ss 0.3,0.6,0.2 í z 0.25,0.2,0.4 > 


tee a (aa 
< 0.4,0.6,0.7 > ° <0.6,0.4,0.2> ° <0.6,0.4,0.3 > 


Uy Us yi u3 
< 0.4,0.3,0.2 > ° <0.3,0.5,0.7> ° `< 0.7,0.5,0.6 > 


yy. 





) }}. 





yay 





eee 





D}. 


ea 








{(e,q, 0) = { ( )}}, 





yy 








{(e3,q, 0) = { ( eee 


{(e4,q, 0) = { ( ) BE 








aoe 


{(e2,r, 0) = { ( eae 








{(e3,r, 0) = {( )}}. 


Next the SVNSES (F, Z) is used together with a generalized algorithm to solve the 
decision making problem stated at the beginning of this section. The algorithm given 
below is employed by the hiring committee to determine the best or most suitable 
candidate to be hired for the position. This algorithm is a generalization of the algorithm 
introduced by Alkhazaleh and Salleh [37] which is used in the context of the SVNSES 
model that is introduced in this paper. The generalized algorithm is as follows: 


Algorithm 


1. Input the SVNSES (F, Z) 
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2. Find the values of = Upiz,)(Ui) - Veczj (Ui) -@rczy(Ui) for each element u; E€ U 
where Urcz,) (Ui), Vecz (Ui) and Wrcz,)(u;) are the membership function, indeterminacy 
function and non-membership function of each of the elements u; E U respectively. 


3. Find the highest numerical grade for the agree-SVNSES and disagree-S VNSES. 

4. Compute the score of each element u; € U by taking the sum of the products of the 
numerical grade of each element for the agree-SVNSES and disagree SVNSES, 
denoted by A; and D; respectively. 


5. Find the values of the score r;= A;-D; for each element u; E U. 


6. Determine the value of the highest score, s = Max „; {r;}. Then the decision is to choose 


element as the optimal or best solution to the problem. If there are more than one element 
with the highest r;. score, then any one of those elements can be chosen as the optimal 
solution. 


Then we can conclude that the optimal choice for the hiring committee is to hire 
candidate u; to fill the vacant position 


Table I gives the values of Mpcz)(Ui) - Vrezo lui) -@F(z, (Ui) for each element u; E U. 


The notation a,b gives the values of Up(z,)(Ui) - Vrz) -wrz (Ui) - 


Table I. Values of Urgo) x Vrz i) -Wr(z;)(Ui) for all ui EU. 












































Uu Uy u, u Uy VA 
(e1, p, 1) -1 -0.3 -0.5 (e3, p, 0) 0.1 -0.9 -0.4 
(e2, p, 1) -0.13 | -0.25 | -0.8 (e4, p, 0) -0.4 -0.3 -0.2 
(e3, p, 1) -0.6 -0.2 -0.7 (e,, q, 0) -0.9 -1 -0.6 
(e4, p, 1) -0.6 0.2 -0.3 (e2, q, 0) -0.7 -1.1 -0.4 
(e41,q, 1) -0.5 -0.9 -0.4 (e3, q, 0) -1 -0.6 -0.2 
(e2,q, 1) -0.5 -0.4 -0.5 (e4, q, 0) -0.2 -0.3 -0.1 
(e3,q, 1) -1 -0.4 0 (e1, r, 0) -0.6 -0.5 0.35 
(e4,q, 1) -0.2 -0.3 -0.5 (e2,r, 0) -0.9 0 -0.1 
(e, 7, 1) -0.8 -0.9 0 (e4, r, 0) -0.1 -0.9 -0.4 





(e,,r,1) | -0.5 | 0.2 | 04 
(e3,r,1) | -0.1 | -0.2 0 
(e,,p,0) | -0.6 | -0.7 0 


























In Table II and Table III, we gives the highest numerical grade for the elements in the 
agree-S VNSES and disagree SVNSES respectively. 
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Table II. Numerical Grade for Agree-SVNSES 


















































Uj Highest Numeric Grade 

(e1, p, 1) U2 -0.3 
(e2, p, 1) Uy -0.13 
(€3, p, 1) U2 -0.2 
(€4, p, 1) U2 0.2 
(e;, q, 1) U3 -0.4 
(€2, q, 1) U2 -0.4 
(€3, q, 1) u3 0 
(€4,9, 1) Uy -0.2 
(e1, r, 1) u3 0 
(e>, r, 1) u3 0.4 
(e3,r, 1) u3 0 





Score ( w4) = -0.13 + -0.2 = -0.23 
Score (uz) = -0.3 + -0.2 + -0.2 + -0.4 = -0.11 


Score ( u3) =-0.4 +0+ 0 +0.4 + 0 


Table III. Numerical Grade for Disagree-SVNSE 















































ui Highest Numeric Grade 

(€1,p, 0) U3 0 

(€3,p, 0) Uy 0.1 

(€4,p, 0) uz -0.2 
(€1,q, 0) U3 -0.6 
(€2,q, 0) U3 -0.4 
(€3,q, 0) uz -0.2 
(€4,q, 0) uz -0.1 
(e1,7, 0) uz -0.35 
(€2,7, 0) Uy 0 

(e4,7, 0) Uy -0.1 





Score (u,) = 0.1 +-0.1 = 0 
Score (uz) =0 
Score ( u3) = 0 -0.2 + -0.6 + -0.4 + -0.2 +-0.1 + -0.35 =- 1.85 


Let Aj; and D; represent the score of each numerical grade for the agree-SVNSES 
and disagree-SVNSES respectively. These values are given in Table IV. 
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Table IV. The score r; = A; - Di 














A; Di Ti 
Score ( u,) = - 0.23 Score ( u,)=0 -0.23 
Score ( u,) = -0.11 Score ( u,)=0 -0.11 
Score ( u3) =O Score ( uz) = -1.85 1.85 

















Then s =Max,. {r;} = 73, the hiring committee should hire candidate ug to fill in the 


vacant position. 


6. Conclusion 


In this paper we have introduced the concept of single valued neutrosophic soft expert soft 
set and studied some related properties with supporting proofs. The complement, union, 
intersection, AND or OR operations have been defined on the single valued neutrosophic 
soft expert set. Finally, an application of this concept is given in solving a decision making 
problem. This new extension will provide a significant addition to existing theories for 
handling indeterminacy, and lead to potential areas of further research and pertinent 
applications. 
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